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The Biochemical Cytology of Liver* (Abstract)

ALEX B. NOVIKOFF
Department of Pathology, Albert Einstein College of Medicine,

Yeshiva University, New York, N. Y.

A better understanding of hepatic physio-
logy anld pathlology 'will result fromi al)llica-
tion of the techniques of biochemical cyto-
logy: electron microscopy, cytochemical
staining of cells il situ, analysis of sub-
cellullar fractions isolated from tissue lhomno-
genates by differential centrifuigation, auto-
radiography, and the localization of fluores-
cent antibo(;dy in tfissue sections.

ln our laboratory we have employed the
first three of these techniques in a study of
tihe rat liver cell. The fine structure of this
cell, as revealed by electron microscopy, has
been suinmma rizedi elsewhere&' 2. Electron
microscopv has eml)hasized the extent to
which the structure of initochondria may be

p)reserved in the )rocess of homogenization
and centrifugation' 3. The "inicrosomies"
sedimnented fromin this tissue consist largely
of fragmuents of "ergastoplasim" or baso-
puilic inaterial. In the cell, this is a series
of inter-connected cytoplasm mnemibranes
(en(loplasinic reticuluim) on the surface of
wvhich are arranged the ribonucleop rotein
particles of Palade. The endoplaismic reti-
culmini is continuous with the outer of the
twuo nuclear membranes an(l, at the other
end, it mnay be (ontintious with the plasma
meiembrane.
From the biochemical stutdy of the isolated
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fractions has come a vast bodNy of informa-
tion which em1phasizes the complexity and
inter-relaitenlness of the subcellular un1itS3.
For example, oxidalfttive p)hosphorylation
occurs in the niitochondria. It utilizes
DPN**, apparently synthesized in the
nicleus, (and yields A2'I'P. 'I'he latter is
utilized in a great many )rocesses, includ-
ing the initial stel) in lrotein synthesis,
aimhino acid a ctiva-tion. 'T'his reaction is
ca-talydzed by- enzvnmes recovered in the
"sIl)erl-taint fluid" which remains unsedi-
mented even with high-speed centrifugation
'IThen, in the ribonuicleoprotein lparticles ot
Patlade, the activated amino acids are in-
cor)oralted into proteins.

There are probably other aspects of de-
pendence of cytop)lasInic l)rotein synthesis
iupon the nucleus. Both chemical evidence
and some morphologic observations are con-
sistent with the view that cytoplasmuic
ribonuicleoprotein is derived, at least in part,
froni nuclear ribonucleoprotein. Nuclear
ribonucleoprotein, localized in either nu-
cleoluis or chrosnatin, thus -appears to be an
important means of transmitting informa-
tiOn from genic DNA to the cytoplasm.

Electron microscopy has demonstrated
that the plasma membrane surface is in-

** Abbreviations: DPN, diphosphopyridine nucleo-
tide; ATP, adenosine triphosphate; ATP-ase,
adenosine triphosphatase; DNA, desoxyribose
nucleic acid; 3'MeDAB, 3'methyl, dimethy-
laminoazobenzene.
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cleased enormously in wvide areais of the
lhepatic cell. These are the absorptive sur-

flaes exposed to the sinusoids (space of
D)isse) an(d the secretory surfaces explos(ed
to the bile canaliculi-';. It lais leen p )ssilhle
to localize two ilmportaint pliosphatases in
these micerovilli by combiuing' electron micro-

scopy with the staining imiethods of W\ac-
stein and l\Ieisel7. Essner anli associatesX
showed that the inicrovilli of the canaliciiliis
snrfaces have high levels of AT'1- ase and

5'- iicleotidase aictivities, 'whereas in thl )se

of the sinusoidal surfaces, 5'-nicleotidase,
1)1ut 1uot ATP-ase, is demonstrable. This
enzvnvatic differentiation of the secretory
antd albsorptive surfcaces of the cell probably
has impllortant phyvsiolo'itcal significance.
Alterations in su(ch enzy mies mayb'e anti-

cilpated in disease states. It niav be relevant
that wve find a polarize(ld ititocliondrial
orient ationl in the rat liver cell siuila r to
that described lbv Podlister' iin lmphiuwO.
1\1lost 11iitoclondria aic panrallel to a line
between sinuisoid and( canaliculmis.

On cithler side of the bile canalicuili there
aire cytol)lasicii striuctuires the inter-relation-
slil)s of which still remain to be established.
TIhese ic the (Golgi apparatus, a(id l)los-
hphatase-rich granules and "dense bodies".

'The miultiple nature of the (Golgi pl-
pa ratus is read(ily revea le(d b) the classical
silver or osiiiuiiim techniques. Careful study
shows theni al\as(-s to le situatcd adjacent
to the bile canalicumlil.' Elect ron niicro-

scopv',' denionstrates the (Golgi blodics of
this tissue to havc the typical fine structure:

iarlleuleibranies an(d associa te(d vacuioles.
(For general reviews of (liflerent asl~ects
of the (Golgi ap)paratiis see references 11 to
15.)

In 191,7 Deane1; natcd that the peril)iliary-
acid lplhospllatase granules had shapes smi-

gestive of the COdgi apparatus. In work

still in progress, wve find that under three
exl)eriiiiental conditions (bile dulict ligation,
carbon tetrachloride poisoning, 1and iiges-
tion of the carcinogCen, :3 MeD.13) the Golgi
aipparatus and acid-phosplhatase granules
change their intracellular location in a

simnila r manner. 11wXever, only wvith the

advent of elect ron imiicroscopy haes resolving
powei'r leen smltliciently Ihigh and the nature
of the (olapip ratus smifficiently (Iefiinel

to lpelrmit critical determiination of the relh-
tion of tile acid-phosphata Ise granules,
(iolgi mllullprats, .111(1 othler perihiliarv
structiu res.

It w (oild be of gr-cIt ipllortance to
estail)lisil w lhether aci(I l)losl)pivitasc activity
is localized in tile l)eribilialry "dense btodies".
In work with Beaufav and (Ie t)uve wve'7
found such lmodies, first described iu tissue
sectioIls by 1omiller", to be lpresent in
isollate(l sulceillular fractions which wvere
rich in ((idl lplhoslpilftiise a(ctivity. It -was

sulggeste(l thllst p)erlIipl)s tllesc lodies N cre
the ls.so.some s p()stila~ted by (de D)ive adl(1
others11.

Siilce the miost plulrified( lysos5oiiie fractions
stumdie(l uis coiltaned mnilly, iitochlomllriat,
it \\"s nlot possihile to establish the pleribili-
Iirv (den1se Iboolics as tile sites of acid p1os-
llitijse i(cti\-it\ 7. aire (lIIl'irr ltlN IIsin
elestroil iiicrosCoPx inI aIi attemlt to loca';lize
Ile clizville ill tllin sectiolns ()f fixed li er

iici(ihtte(i iii the aci(l hllosplhliftase mime(Iiuimii.
Ili this fislhiomi we liope to clarify the rel-

tioilslhip (If ((ill plh(osplhit( se granules, (delse
l)o(lie( s aid(1 colhgi 81p1111r(t1us.
The Ilvsosomn e collceIpt iity be of great

iilmportmiiice to p(itiuohl(ists. If (le Duve is
('ll'eC('t, tlhe iivd(rIvtic enzx iOCes of the cell
;1 ic ciIltliilC(I in smiiall (ytopllsiiiic granules,
lvsosoniCs, su rrouiildedl by miemilbranes iI-

P('e'il';lll' t() tile subil)straites whlichl the
(111 I('.S (C'M 11d(iroly\ze. Cell tlmtolls-sis would
ill\n,(1 e access (If substrate aid1 enlzvymie,
tlhrooiigli -0sosomei rullptliri or iii(Iwe si lOtfle
;illterl.tionl (f permeI~t ibilityt.

The 1i)j(IclCIiiic dc1 tologv (If liver iiiuist
emiillliasize the (iliju titative difierences aiiioniig

the cells, (dellenidenlt tlilll tlleir l)osition ii
thle lelpltic lolilule. Every cvtoloi-cal struc-

mlve oidl(l einzynme activity which has lueen

studilied sllw)\\s this 1)huhlar lleterogcmleity.
There is moroe .AIIlT-se and aIka line lllhos-
plhatase oictivity ill tile lile comnlicuili of the
11eriplieraIoZIlCe tilal ii tilose of the cell-
tr(l(I)ulll(tr zolle. (O)n tle otlher h nd, 5'-
iuicle(i(l1se activity is higher ill tile caali-
culi (old plerilbilial'r granliles) of tle cen-

t(l(hl milloI I' ((1ll5. Tlhe (G olgi alpparatuis is

hI rge1 II(1 a(idi pllosphl;atase activity liiighcr
iii tlie leriphllcelr( cells. Of the miicr(osoallMI
eilzyimes, glhcose-6i-lplllospifitose is very (activc
in tile pcrilllerdl ce(lls; in the ceintrolobular
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cells it is lower and more variable. Esterase
activity is high throughout the lobule, with
the highest activity in the centrolobular
zone. Lil)ase and non-specific choline esterase
activities are also higher in the centrolobular
cells. The mitochondria in the cells of the
peripheral zone are long, stout filaments.
Thev become finer ais the cells near the
central vein are approached. In the latter
cells the mitochondria are spherical, fewer
in nuniber and very weakly stained in the
Baker acid-haematin stain for phosphatide.
Correlated with this is the succinic dehydro-
genase activity demonstrable by the tetra-
zoliunm staining technique; it is very low in
the cells adjacent to the central vein anA
high in the peripheral cells of the lobule. On1
the other hand, DPNH-Cytochrome C reduc-
tase activity as well as the activities of the
DPN-linked lactic and beta-hydroxy-butyrie
dehydrogenases, are high throughout the
lobule but more so in the centrolobulir cells.

It is possible to offer tenftative sugges-
tions for the functional significance of sonce
of these quantitaitive differences. Thuts, the
areal of high glucose-6-phosphafitse aictivitv
is that ill hich glycogen is first deposited
and first mobilized. The area of highest-
lipase and esteracse activity is that in which
lipid first appears, in a variety of experi-
miientail conditions. This is allso where pig-
inents like lipofuscin are first seen. Finally,
the low% succinic dehydrogemnase activity o)f

the centrolobular cells may be related to
the low oxygen tension of the blood entering
the central ein. If the visualized succiiic
dehydrogenase activity reflects the level of
aierobic respiration ( Krehs cycle) and the
visuldized lactic dlehldro-envse afetivitv tle
level of glycolysis, this -would meanm that tlh
centrolobulatr cells (lerive at greater propr-
tion of their energy froilm glycolysis thltit,
fronti aecrobic respiration. Sucth heterogenieity
of enzymiie distributionl niay be involved in
the selective localization, ill the hepatie
lobule, of lesions (lue to poisoins, toxins
infectious aigents.

The cell changes faittilia r to pathologists
atre beginning to be re exanimined with the
newver techniques utnlder disciussion. Thus,
cloudy swelling in a variety of circun-
stances appears to involve rounding ind
enlargemuent of the mitoebondria ill which

thle inner nientiranes und(lrgo profound
c l, nt~2,

llecentlv we sti(lie(l liver biopsy from a

7' year 1ld( man, inade available to us by Dr.
.Joseph Ehrlich. The fine structures of nu-

cleuts, miitochondria, ergastoplasin and bile
canaliculli are essentiallyN similar in human
aind rat liver. The same is true for the
staining of the bile canalicuili for ATP-ase,
.'-nucleotidase, and alkaline )hosphatase;
of the peribiliary grantules for acid phos-
plhatase; and of thte uitochon(dria for sUC-
cinic dehvdrogena-se, I)NI-liinked aind TPN-
linked dehydrogenaises an(l issociated cvto-
chromne C reductases. We shall mention but
one difference, to indicate that species dif-
ferences (10 exist alnd to suggest its possible
clinicopathologic interest. In humnan liver, uIn-
like that of the rat, there is intense alkaline
phosphaltase activity on the sinuisoidal as-
pects of the cells. Indeed, there is mucih
more activity there than in the bile canaliculi,
an(l p)erllaps mnore aittention should be paili
to it in humian liver (lisease.
Bx studlying cells with varying a;itount of

lipoftiscin we have tentatively arrived at a

lescril)tion of the changes whieh mayv occur

in the hepatic cell. The first lilaoftiscin gran-
tiles aire formed a(djacent to the bile cana-

licilli; their aippea iranee coinci(des with the
(lisalilearaince of the perililhiry acid p1hos-
llithse granuiles. It is of interest that
l'fhllz12' suiggrested, ont the haisis of the peri-
bilia ry location of the gra nitles, that lipo-
fuiscin ippearzs 'within the Golgi bodies.
As lipofiscin (dropllets becomie ttore fre-

(ti ent th-ey are ailso fouuid fitrther front the
ea.lnnalicitli. When thle (Irollets becoitte very

nuitterotis, it seents tlat the .Vl'1-ase an(d
5'-tticleoti(dase activities disttppea r front the
(anialicitli aind the c nialictili tleuntselves cani
o1) longer le seen. Ihere is, however, no
diminuition in the activities of the dehvdro-
er);ales stildied (succinic, lactie, beta-hb-

droxylm tvric) and of DPNH-c-ytochrotne C
redie tases, until perhaps the very end in
smIite cells wlhich mnay be dyiing. Nor is there
any- aipa rent (linintition of sinusoidal en-

ixv tte tictivity.

In electron itticrogratphs (of tissue fixed
in osittittiti tetroxi(Ie) the lipoftiscin gran-

tiles consist of a hotitogeneotis electron-
(dense iiaterial airranged arom-nd irregtla ir
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vacuioles. Few, or even single, vacuioles -ire
noted in bodies about the size of initochon-
dria, or somewhat larger. In the large lipo-
fuscin droplets there are a great un;,iny vac-
ioles of various shapes. Large spherical
iroplets, presumably lipid, are frequently
found in the same cells. These have thin ir-
regular electron-dense coating, and a small
inner granular core. The largest part ap-
pears empty, suggesting extraction of ma-

terial during processing of the tissue. Per-
haps the outer layer corresponds to lipo-

fuscin.
Further studies, wsith anihmals on expeli-

menital regimes as well as with human ura-
terial, 'will be required to establish any rela-
tions that lay exist between lipofuscin
granules and either nmitoclondria or the
Golgi apparatus.

It has been our purpose to convey a a-eni-
eral picture of the biochemical ctolonv of
the liver -,and to suggest the value of its
techniques to problems of pathology and
aging.

,Iiechanism of Hepatic Fibrosis

(Abstract)

HANS POPPER
Department of Pathology, The Mount Sinai Hospital, New York

The important aspects of hepatic fibrosis
aire its types, histogenesis, histochemical and
Chemical nature, and its functional signifi-
cance. These were studied in human biopsy
and autopsy material and in animals experi-
mentally intoxicated with ethionine, carbon
tetrachloride or thioacetamide or placed on
low protein/high fat diets.

Fibrosis may be solely in the portal tract,
in the periportal or centrolobular zones,
anywhere within the lobule, and focal.
These types of fibrosis do not disturb the
lobular architecture in contrast to cirrhosis
characterized by regenerative nodules and
connective tissue septa. The pathways by
*hich cirrhosis develops are: 1) collapse
following disappearance of liver cells (post-
necrotic cirrhosis), 2) septa formation most
often associated with fatty metamorphosis
but also with chronic passive congestion,
granulomas and hemochromatosis (septal
cirrhosis), and 3) inflammation and scar-
ring around bile ducts and ductules either
primary or secondary to extrahepatic bil-
iary obstruction (biliary cirrhosis). The
three basic pathways do not each imply a

specific etiology and are associated with
several types of fiber formation.

Basic observations in other organs apply
to collapse and fiber formation in the pres-
ence of fibroblasts in the liver. A particular
problem is fiber formation around fatty or
damaged liver cells and around ductular
cells. For this it was advantageous to re-
examine the distribution of fibers in the
normal liver, particularly in sections one
micron thick (studies with F. Paronetto
and H. van der Noen).
The border between the normal liver cell

and the sinusoid is marked by an amor-
phous and partly fibrillar layer which gives
the periodic acid Schiff reaction after re-
moval of glycogen by diastase (DPAS) and
a few small DPAS positive granules are in
the Kupffer cells. Chromotrope aniline blue
(CAB) stains the border zone hazy purple
with fine blue reinforcements which can be
impregnated with silver. This reticulum ap-
pears in thin sections as a row of points or
dashes indicating cross or tangentially cut
fibers. Around ductules (cholangioles) a
continuous black line is seen in silver stains

Bull. N. Y. Acad. Med.
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indicating a basement menll)rane which also
gives DPAS reaction and is blue in CAB
stain.
Around damaged liver cells in hepatitis

or cirrhosis, a thicker amorphous laver is
purple in CAB stains. Frequently a few ir-
regular DPAS positive granules are found
in the liver cells and denser granules which
vary greatly in size are in the Kupffer cells.
On the base of the liver cells a continuous
DPAS positive line appears while in silver
impregnations a dense row of points or
dashes suggests increase in reticulum fibers
or formation of a basement membrane sim-
ilar to that of ductular cells. Around fatty
liver cells such a structure is also noted
wu hicli is sometimes even duplicated and in
extreme cases gives a collagen reaction.
Fibroblasts are not conspicuous. In rats
with ethionine intoxication producing single
cell necrosis and hepatocellular degenera-
tion, DPAS positive granules in liver cells
and Kupffer cells and the amorphous and
fibrillar material on the base of the liver
cell are very conspicuous. In addition, cells
with oval- or spindle-shaped nuclei accumu-
late between the liver cell plates (oval cells
of Farber). They are occasionally arranged
-Is ductules and a fine canalicular system
between these cells can be visualized by in-
jecting the bile ducts with India ink. This
indicates their epithelial origin despite their
frequently mesenchyrnal appearance. Around
such ductular cells, much DPAS-positive
amorphous and fibrillar material can be
seen. Silver impregnates fibers or mem-
branes which may be multilayered even in
thin sections. Some of the fibers and mem-
branes in contact with the ductular cells
continue away from them into the surround-
ing tissue. Fibroblasts are again not demon-
strable. This relation of fiber formation to
ductular cells is also noted in man, e.g., in
cirrhosis and in biliary obstruction.
The fibrillar material, impregnated by

silver with a positive DPAS and blue CAB
reaction, becomes metachromatic after sul-
fation and is not digested by trypsin or
hyaluronidase. It is therefore reticulin and
transitions into collagen which are observed
in silver impregnation and van Gieson stains.
'T'he amorphous substance on the sinusoidal
border of the liver cells and the granules in

the dalalaged liver cells and proliferating
Kupffer cells which give a DPAS reaction
and are purple with CAB become also meta-
chromatic on sulfation and partially react
with colloidal iron and Alcian blue. The
material is digested by trypsin but not by
hyalu ronidase, pectinase or ribonuclease,
and it loses its PAS reaction on acetylation.
It is apparently a polysaccharide protein
conuplex which may be a matrix for the
formation of scleroprotein fibers, collagen
and reticulumn. The question is left open as
to whether the similarity in the bistochem-
ical reaction of the perisinusoidal material
and the granules in the Kupffer cells indi-
cates that the latter engulf the former,
acting as scavenger cells, or whether the
cells form it and thus assume the function
of fibroblasts. The formation of fibers in
this matrix around the damaged liver cells
and ductular cells suggests that these struc-
tires play an inducing role in determining
the site and extent of the fibrosis. Since the
ductular cells are possibly derived from
liver cells, dedifferentiation may be the
comumuon factor in stimulating the fibrosis.
Further support is obtained in recent

experiments (carried out by F. G. Zak, F.
Paronetto and I. Bubelis) with carrageenin,
a polysaccharide derived from moss. Within
two days after its injection into the liver, a
necrotic area is surrounded by a ground
substance giving acid mucopolysaccharide
reaction in which fibroblasts seem to devel-
°I fromn adventitial cells of arteries and
capillaries and from Kupffer cells. The duc-
tular cells also proliferate profusely and
sometimes ductular cells cannot be distin-
gruished from fibroblasts. Abundant reticu-
luim is formed particularly in approxima-
tion to the ductular cells although some
fibers continue away from them. The violent
fibroblastic reaction which completely sub-
sides in two weeks illustrates the rapid
formation of ground substance and retic-
ulum in the vicinity of fibroblasts and duc-
tular cells.

'LTo supplement the histochemical studies,
the amino acid, hydroxyproline, which oc-
curs almost exclusively in collagen, was
determined in dried and defatted liver tis-
sue and in a fraction extracted by 0.1 N
NaOH believed to contain procollagen (in-
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vestigations of F. Hutterer and E. J. Singer
in human cirrhosis). The increase of colla-
gen is associated with a relatively greater
increase of the alkaline soluble fraction.
Serial experiments indicated that the hepa-
tic hydroxyproline and hexosamine content
rises precipitously to three times the normal
during the seven weeks on an ethionine diet.
Much of this is in the NaOH soluble frac-
tion and coincides with a marked increase
of the reticulum histologically. A rise in
proline in the alkaline soluble fraction only
precedes the rise in hydroxyproline, suggest-
ing a precursor relationship. Therefore,
during active fibrosis, polysaccharide ap-
pears around liver cells while procollagen
and then collagen is formed, utilizing hepa-
tic proline which is converted to hydroxy-
proline.
In assessing the functional significance of

hepatic fibrosis, the interposition of a muco-
protein or scleroprotein material between
sinusoids and liver cells is thought to inter-
fere with some hepatic functions such as
the free exchange of metabolites between
the liver and blood. The interruption of bile
flow through such a connective tissue accu-
mulation is demonstrated in primary or
secondary biliary cirrhosis in which the ob-
structive features parallel the development
of a thick fibrotic layer. The connective
tissue septa in cirrhosis carry anastomotic
vessels between the hepatic artery, portal
vein and hepatic veins, shunting blood from
the hepatic parenchyma and transmitting
arterial pressure into the portal system,
thereby creating many of the cardinal
symptoms of cirrhosis.

In conclusion, hepatic fibrosis poses the
same problems as accumulation of fibrous
tissue elsewhere, modified by the deter-
mining role of altered epithelial elements
and by the consequences that are related
to the functions of the liver and its double
blood supply.

D iSCUS SI ON

MAX WACHSTEIN: I really think that
this is a memorable meeting, since it must
bring to everyone's mind that pathology is
now in a period of dynamic transforma-

tion. It is about 100 years since Virchow
introduced the concept of cellular pathology
which has remained the basic foundation of
our discipline. During the last decades, the
impact of this concept has lost much of its
scientific drive. However, within the last
years, new techniques have been developed
to such a degree that they now can be used
for the study of normal and diseased tis-
sues. Just to name a few: spectrophotome-
try, fluorescent microscopy, histochenmistry,
phase microscopy, electron microscopy and
others. With the aid of these new tech-
niques, cellular pathology can now be ex-
plored in terms of functional pathology and
the study of cells can be extended to sub-
cellular and even molecular levels.

It is impossible to discuss the wealth of
material presented today. Just to comment
briefly on one point made by Dr. Novikoff:
dehydrogenases were first determined in
tissue extracts by biochemists. The great
improvement in histochemical techniques
both with regard to fixation as well as to
the reagents used enables one to localize
specific dehydrogenase, as Dr. Novikoff has
shown, in various portions of the liver lo-
bules; DPN mediated dehydrogenases, for
instance, are found mainly around central
and succinic dehydrogenase around peri-
portal fields. In addition to the topographi-
cal localization, these stains demonstrate the
mitochondria as sites of enzvmatic activity.
Most recently Pearse and Scarpelli2' have
even been able to identify specific areas
within isolated mitochondria as sites of de-
hydrogenase activity. It seems perfectly
feasible that changes in enzymatic com-
ponents of mitochondria may characterize
various disease states which cannot be dis-
tinguished at present with the usual routine
techniques. To take another example: if one
considers the difficulty of proper diagnosis
of the various forms of liver disease, one
cannot help but be hopeful that the appli-
cation of the electron microscope, with or
without various enzyme staining techniques,
will become very helpful in their under-
standing and differentiation. Cholestasis, for
instance, occurs in mans abnormal condi-
tions. It seems obvious that the study of the
bile canaliculi with the electron micro-
scope, aided )ossibly by the adenosine tri-
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phosphate technique, will be of help in the
understanding of the cause for this ab-
normality.
As regards Dr. Popper's presentation, I

think it is very important that he stressed
the fact that fibrosis in the liver does not
always originate in the fibroblasts. It is dif-
ficult to comment, in a short discussion, on

the variety of histologic and biochemical
techniques he has used. I would, however,
like to make the following specific point: in
the rats given ethionine-he has not men-

tioned that he, himself, first described the
interesting ethionine changes in the liver-
we have consistently found fairly extensive
areas of central necrosis which he also men-

tioned in one of his papers2s. These central
areas of necrosis later tend to extend into
periportal fields and it is sometimes difficult
to say from where they started. Similar
areas of atrophy and necrosis have been de-
scribed by Opie in rats fed butter yellow2.
In these areas, fibroblastic proliferation was

described and has also been shown by Mor-
rione" to occur in animals treated by re-

peated inhalations of carbon tetrachloride
or fed butter yellow. It would thus appear

that the total amount of hydroxyproline
measured chemically may also be derived
from collagen produced by typical fibro-
blasts.

I thought I might contribute most to this
discussion by showing a few pertinent
slides. In a section of a normal human liver
biopsy, the bile canaliculi stained very well
with the adenosine triphosphatase tech-
nique". When liver biopsies of cases of
jaundice were studied, one could see how
the bile canaliculi extended toward the sinu-
soids thus making it perfectly understand-
able that in biliary obstruction reflux from
the bile into the liver may occur". In this
connection, I would like to ask Dr. Novikoff
whether in his electron micrographs, the
Disse spaces can be made out as consistent
structures, which separate the bile canali-
culi from the sinusoids, as has been sug-

gested by Rouiller6.
Enzymatic staining reactions in ethionine-

induced liver damage reveal interesting
changes. The ductular cells which Dr. Pop-
per has discussed show a very marked de-
pression of enzymatic activity as compared

to normal liver cells. In contrast, regenerat-
ing liver lobules show a very strong reac-
tion for various enzymes. If ethionine ad-
ministration is continued long enough, hepa-
tomas will occur. In such hepatomas alka-
line phosphatase activity showed a very
strong reaction27.
In concluding this discussion, I should

like to say that all of us who are practicing
hospital pathologists are most grateful for
these presentations which so clearly reveal
the areas into which scientific pathology is
now moving. It is quite obvious that hos-
pital pathologists cannot do all of this type
of work; we do not have the equipment and
often not the time, but nevertheless hospital
pathologists like myself can work in any of
the new fields that have been opened by
these new techniques. The possibilities are

endless and the reward is the satisfaction
of participating in this exciting phase of
scientific pathology.

HANS POPPER: The presence of fibro-
blasts in the rat liver after ethionine intoxi-
cation is a problem that has puzzled us for
a considerable time. Variation of ethionine
diets produces a great variety of hepatic
injuries and, while some procedures produce
unquestionable central necrosis, the animals
of the series studied chemically in our lab-
oratory for developing fibrosis failed to
reveal such necrosis. In these specimens no

typical fibroblasts were found. However, I
would like to emphasize that Dr. MacDon-
ald of the Boston City Hospital has seen
beautiful fibroblasts in rat cirrhosis induced
by low choline/high fat/low protein diets,
and we have seen them in some instances of
ethionine cirrhosis. In the latter case, the
question arose as to whether these were ac-

tually fibroblasts or modified ductular cells,
particularly since we could inject between
these cells channels from the biliary system.
This problem is also illuminated by transi-
tions between ductular cells and fibroblasts
seen particularly well in carrageenin granu-

lomas within livers of rats treated with
ethionine. I am therefore not able to answer

your question because I am not quite sure

any more what a fibroblast really is and
how to differentiate it occasionally from
cells of apparently epithelial origin.
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ALEX B. NOVIKOFF: In the present
stage of development of electron micro-
scopy it would be foolhardy to suppose that
"seeing is believing". We would not cate-
gorically assert that artefacts are not in-
volved in the mianv discontinuities seen in
the cells lining the sinusoids or the spaces
seen between the lining cells and the hepa-
tic cell surfaces. However, it seems unlikely
that shrinkage or other artefacts would
produce such well-structured microvilli as
are found on the cell surfaces in that re-
gion. 'These are like the microvilli found in
many tissues where cells are exposed to
cavities. It seems reasonable to suppose:
1) that the lining cells do not completely
separate the liver cells from the sinusoids,
and 2) that the microvilli project into a
plasma-filled space, the Disse space. Just as
the excretory surface at the bile canaliculus
is increased by inicrovilli so is the absorp-
tive surface at the Disse space. The two
surfaces are probably differentiated enzy-
matically, as our findings with phosphatases
indicate.
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